Thirty-five strains of arbovirus were tested for replication in mouse embryo cell cultures; twenty-six of these multiplied and were cytopathogenic. Dengue I and dengue 2 may have multiplied without cytopathogenicity. Twenty-three of the viruses were also tested for the production of complement-fixing antigen; twentytwo were positive. Similar end-points were attained using standard inoculum doses in both tubes and mice for parallel titrations of selected viruses. A major advantage of mouse embryo cell cultures is their ready accessibility to all arbovirus laboratories.
INTRODUCTION
Although the suckling mouse is the host par excellence in arbovirus research, relatively very little use has been made of mouse embryo cell cultures which would offer a number of advantages such as easy accessibility, economy in space, time and money, and for some viruses might even provide a more uniform and precise assay system. Several in vitro systems have been employed in the study of arboviruses. Most of these are, however, not always available in all laboratories interested in these viruses. Furthermore, except in few cases the range of susceptibility is limited. Maitland-type mouse embryo tissue cultures were used by Lloyd, Theiler & Ricci (1936) and by Smith & Theiler 0937) for the cultivation of yellow fever virus. Eastern equine encephalitis virus was grown in primary mouse embryo cultures (Medearis & Kilbrick, I958) . Versteeg 0964) also propagated a limited number of group A arboviruses in primary mouse embryo cultures.
In the work reported here, the potentiality of serially cultured mouse embryo cells in the propagation of arboviruses was tested by screening viruses belonging to different serological groups. However, since it is the policy of this laboratory to keep 'foreign' viruses out as much as possible, all but a few of the viruses used were local isolates identified serologically by specific reference sera or ascitic fluid from immunized mice.
METHODS
Viruses. Thirty-five arboviruses representing different serological groups were used. The names, groupings, and provenance of these viruses are listed in Table I .
Preparation of cell monolayers. Pregnant Swiss white mice at about 2I days of gestation
were anaesthetized with chloroform. The embryos were dissected out under sterile conditions, decapitated, and the contents of the viscera cleaned as much as possible. About seven or eight embryos were obtained from each mouse. The torsos were cut up in Hanks's balanced salt solution. After several washes in the salt solution, the tissue mince was I74
T.S. DAVID-WEST trypsinized in a 0"25 ~ trypsin (Difco I : 250) prepared in phosphate-buffered saline, pH 7.2. Two cycles of trypsinization, 45 and 30 min. respectively, were used. The products were filtered through six to eight layers of muslin gauze, pooled and centrifuged at i2oog for I o rain. After three cycles of washing in Hanks's solution and a final wash in growth medium, the cells were suspended in growth medium. The growth medium for the primary culture consisted of medium 199 + IO ~o calf serum + Io ~ tryptose phosphate broth (80: IO: Io)+o-5 ~ (w/v) lactalbumin hydrolysate. Subcultures were made in Eagle's minimal essential medium in Hanks's solution supplemented with I o ~ foetal calf serum and I o ~o tryptose phosphate broth. Penicillin, streptomycin and fungizone were added at concentrations of 500 units/ml., 5oo and 2 #g./ml. respectively. The maintenance medium contained 3 ~ foetal calf serum. All media were adjusted to a pH value of 7"3 to 7"5 with 5 ~o sodium bicarbonate solution.
Tubes were seeded with 0"5 ml. containing approximately lO 5 cells. Before inoculation of tubes with virus, growth medium was replaced by I.o ml. of maintenance medium. Two-oz. bottles received 6-0 ml. of the cell suspension. The medium in the bottle cultures was also replaced by maintenance medium at appropriate intervals and subcultures were prepared from these cultures.
From the primary culture to the 8th subculture the bottle cultures were subcultured every 5 or 6 days in a 1:4 split. Between the 9th passage and the 27th passage, subcultures were made every 3 or 4 days in either 1:8 split or I : IO split. Thereafter passages were made every 5 days in a 1:4 split, up to the 30th when the cells no longer multiplied, but survived for a few days then rounded up.
Virus inoculation. Virus stocks were freshly prepared as IO ~ suspensions of mouse brain in medium 199. Tubes were inoculated with o.2 ml. of serial tenfold dilutions. The tubes were incubated at 37 ° and observed daily for cytopathic effect (CPE). Viruses causing CPE on first passage were passed twice or more before their study was discontinued.
Mouse inoculation. Suckling Swiss white mice about 2 days old were inoculated intracerebrally with o.o2 ml. of tenfold dilutions of either virus stock suspensions or infected tissue culture fluids. One cage containing a litter of six mice was used per dilution. The LD 5o titres were calculated by Kfirber's method.
Serological tests. Neutralization tests were done in mouse embryo cell culture tubes, using a standard challenge of virus and dilutions of serum. About Ioo TCD 5o of virus was held at 37 ° for I hr with an equal volume of serial twofold dilution of specific antibody in mouse ascitic fluid before the cell culture tubes were inoculated. Inoculated tubes were incubated at 37 ° and examined daily for CPE.
Complement fixation (CF) tests were set up according to the micro-titre method of Weinbren (I958) using droppers made from cut No. 18 gauge hypodermic needles fitted to oiling tubes. Each drop delivered vertically measured o.oz 5 ml. All the appropriate controls were included in both tests.
RESULTS

Virus propagation
Five group A arbovirus strains were studied, four Chikungunya and one Sindbis (Table  I) . All five strains produced CPE on first passage. The culture fluid harvested from all the virus-infected cell culture tubes was a good source of CF antigen. The experience with the group A viruses reported here agrees with the findings of Versteeg (I964), who also used mouse embryo cell cultures. The behaviour of these viruses in the mouse embryo cells was also very similar to that reported in BHK2I cells by Karabatsos & Buckley (I967) (Table I a) . This resembled the results of Karabatsos & Buckley (1967) with these viruses in BHK2I cells. However, unlike the situation reported with dengue viruses in the BHKzI cells, no CPE was observed in the mouse embryo cells following infection with either dengue I or dengue 2, but in three repeated experiments, replication of these viruses was indicated by the challenge virus resistance test (Halstead, Sukhavachana & Nisalak, 1964) using vesicular stomatitis virus (VSV). The challenge virus was kindly provided by Dr N. A. Labzoffsky, Public Health Laboratories, Toronto, Canada. The culture fluids from tubes infected with West Nile virus and yellow fever virus were positive for CF antigen.
Multiplication of arboviruses in cultures of mouse embryo cells
Seven Simbu strains were screened (Table I b) ; four of these, Sango, Shamonda, Sabo and Shuni, are hitherto undescribed. The Yaba 7 was obtained through the courtesy of Dr C. C. Draper, West African Council for Medical Research, Yaba, Nigeria. Sathuperi and Inguavuma were kindly supplied by the Yale Arbovirus Research Unit. No CF antigen was demonstrated with Shamonda; but this may have been partly due to the low virus titre of log. 2"5. The results with Sathuperi contrasts with the findings of Karabatsos & Buckley (1967) in BHK2I cells where 4+ CPE as well as high virus titre were recorded for the virus.
The finding with the Bwamba strain (Table I b ) agrees with the report of Karabatsos & Buckley (I967) . However, their experience with the Phlebotomus fever strains (Table I c) differs from that reported here.
In the mouse embryo cultures, VSV multiplied with an efficiency comparable to that in other cell systems known to be highly sensitive to the virus (David-West & Labzoffsky, 1968) ( Table I C) .
The Congo virus strain had previously failed to multiply in chick embryo fibroblast cells, BSC-I, Vero and HEp-2 cells (David-West, i97oa ). Three of the ungrouped virus strains tested, Dugbe (new virus), Bhanja and the A~ 2o12 strain of Thogoto virus, are among viruses most frequently isolated here. They also multiply in BSC-I and Vero cells 197oa) .
Storage of cells
Porterfield & Ashwood-Smith (1962) and Dougherty (I962) both emphasized the superiority of dimethyl sulphoxide as a preservative for cells. The mouse embryo cells were therefore stored in a medium which consisted of the subculture medium (Methods) supplemented with 20 ~oo foetal calf serum and lo % dimethyl sulphoxide. Young confluent cells in a 2 oz. prescription bottle were stripped and four vials of 2 ml. each were prepared from each bottle. The vials were cooled at 4 ° in a container lined with cotton wool for 2 hr, then at -2o ° for a further 2 hr before storing in a Revco freezer at -60 °. No special cooling apparatus was used. The cells were revived after rapid thawing in a 37 ° water bath by seeding one vial per 2 oz. prescription bottle. Confluent monolayers were formed after 4 days. Under these conditions of storage the cells were revivable after I month but not after 3 months. Coverslip cultures were prepared and stained with May-Griinwald Giemsa. There was no obvious change in the morphology of the cells; and with Chikungunya virus as a reference virus, there was no change in virus susceptibility.
Parallel titrations in cells and suckling mouse
Selected viruses propagated in mouse embryo cell cultures were titrated simultaneously, using standard inoculum doses, in both the cell cultures and in suckling Swiss white mice inoculated intracerebrally. The viruses tested were, Chikungunya (H35), West Nile (AN7OI9), Bunyamwera (H38684) and Simbu (AN5077). Comparable end points were attained in the respective systems (Table I) . Furthermore, there seemed to be no significant difference between the LD 5o titres of the original seed virus and the cell-adapted virus. At the levels at which the different viruses were propagated in the cell system there was thus no obvious change in their neurovirulence. The mice were shown to be specifically infected by the test viruses by conducting CF tests with brain suspensions.
DISCUSSION
Mouse embryo cell cultures are a readily accessible cell system in arbovirus studies. Although a limited number of arbovirus strains, representing different serological groups, was screened, owing to the policy of the laboratory to place a restriction on 'foreign' viruses, there are good reasons to believe that these studies could be successfully extended to more strains.
All the viruses tested were propagated in cells derived from the same batch of mouse embryo cultures. However, the passage levels of the cells at which the individual tests were conducted were different. In serial passage of viruses shown to cause CPE, there are indications that the passage level of the cells did not appear to influence the production of CPE, at least up to the 3oth subculture of the cells. An advantage of using subcultivated cells is that the cell population was more homogenous; this allowed easy observation of those virus strains which produced moderate CPE. The secondary cultures were predominantly fibroblastic.
The group A viruses seemed to be particularly suitable for study in the mouse embryo cells. All of the strains tested produced rapid and complete CPE, with the production of CF antigen. Primary isolation of Chikungunya virus from clinical specimens has been made in the cell system 197o b) . The rapid onset of CPE by this group of viruses has also been reported for some established cell lines (Buckley, I959; Karabatsos & Buckley, 1967) .
The cells ceased to multiply after the 3oth subcultivation. This may have been due to a number of factors, one of which may have been a change in the batch of stock medium, since other cell lines were also lost at the same time.
Certain advantages of the mouse embryo cell cultures should be emphasized. These include easy accessibility in all arbovirus laboratories, a broad range of sensitivity to a wide selection of arbovirus strains, and economy in production. The cultures for the present studies were initiated with 21 foetuses, which operationally are equal to 2I tubes of cells. However, up to the 3oth subcultivation, a total of at least 736o tubes of cells were produced and employed in virus studies. All the above advantages recommend the system as a valuable adjunct to the classical use of baby mice in arbovirus research.
